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INTRODUCTION
This paper researches the interacted effects of urban-rural income disparity, human capital investment and economic growth in China. China has experienced dramatic economic growth for more than three decades since the reforming and opening in the late 1970s. But the problem of income disparity between the urban and rural economy still exists in the process of the development. At present,China is at a crucial time of economic transition. In the Fifth plenary Session of the 18 th central Committee, the core idea of economic development in China which is "innovation, coordination, green, open, sharing" was put forward, so the focus on narrowing the income gap between urban and rural areas is an urgent need.
There are four basic studies to explain the impact of income gap on economic growth. The first viewpoint, which pays much attention on accumulating incentive, thinks that the income gap will limit the investment opportunities of the poor and reduces the accumulation of wealth. That is why the income gap is not conducive to economic growth. (Banerjee and Newman, 1993; Aghion and Patrick Bolton, 1997) . The second viewpoint, in the aspect of division of labor, argues that lowskilled people are more inclined to choose not to division of labor. Therefore, equality of income distribution will affect economic growth by promoting collaboration (Fishman and Simhon, 2002; Ming Liu, Zhao Chen, zhenzhen Yang, 2007) . The third view, from the perspective of consumption demand, thinks that the income gap will reduce consumer demand, so as to restrict the economic growth (Murphy, Shleifer and Vishny, 1989; Heng Quan, 2002; Rudai Yang, Shie Zhu, 2007; Ling Shen, Guoqiang Tian, 2009 ). The fourth viewpoint, thinks the economic growth is related to political and economic factors. The government tax and social conflict have affected the economic growth through income gap (Persson and Tabellini, 1994; Alesina and Rodrikc,1994; Li and Zou, 1998; Cagetti and Nardi, 2007; Benhabib and Rustichini, 1996; Alesina and Perotti, 1996 ; Aghion, Banerjee and Piketty, 1997; HengYin, Liutang Gong, Hengfu Zou, 2005) .
Although there is a substantial amount of literature on accumulation of motivation, the division of labor, consumer demand, or political and economic perspective to study the income disparity and economy growth, only a few studies have examined the human capital investment. Galor and Zeira (1993) first proposed that income inequality hinder economic growth through the accumulation of human capital. And they believe income distribution inequality will limit economic growth, since it will limit the poor to have a chance to receive education, and reduce their investment in material capital and human capital. Furthermore, Benabou(1996) , Aghion (1998) draw the same conclusion when they study redistribution how to impact economic growth through human capital accumulation mechanism. De La Croix et al.(2004) argue that income disparity reduces the average education level, hampering economic growth from the perspective of the reproductive decisions and education, because the poor tend to have more children and less investment.
Compared with other economies, China's economic problems are of great particularity, and its economic development path of "heterogeneity" is endogenous locking and long-standing. Resource constraints have different influence on urban and rural areas to accept education for individuals and to invest in human capital in China. In addition, the different birthplace has, to a great extent, affected Chinese people to accept the opportunities of education and skills acquisition. Therefore, it lead to the serious urban-rural gap. Jun Yang, Xiao Huang, Xiaoyu Li (2008) Then the model implies that the income gap has a indirect influence on economic growth mainly coming from the investment channels, but not education. This paper focuses on urban-rural income disparity by analyzing the impact of human capital investment on economic growth, and adopts the method of three stage least square (3SLS) to empirically testing based on Chinese provincial panel data from 1995 to 2012.
The remainder of the paper is organized as follows. In Section 2, we describe the simultaneous equations model that is used for testing the empirical relationship among urban-rural income disparity, material capital investment and human capital investment and economic growth. In Section 3, we present the empirical analysis. Based on Chinese provincial panel data, we adopt three-stage least squares method to verifying the theoretical model. And some conclusions are presented in Section 4.
Setup the simultaneous equations model
As the world's largest developing country, China's economic problems have great particularity, and China has the characteristics of a typical dual economic structure. Modern and traditional departments have different production efficiency. The high initial wealth levels of urban residents are more likely to make human capital investment in the modern department. However, the relatively low wealth levels of rural residents who are involved in the production tend to be more directly in the traditional department. The urban-rural income disparity will lead the low level of wealth of rural residents not willing to accumulating human capital. It is not only stunted for the traditional department itself to promote the production efficiency, but also reduces the number of labor into the modern department that engaged in the production. In all, the urban-rural areas income gap will limit the long-term economic growth through the human capital investment. Based on it, this paper using 30 provincial panel data in China from 1995 to 2012 (except Tibet), builds a simultaneous equations model including the growth equation, the investment equation, the human capital investment equation and the urban-rural income disparity equation, and further study the interacted relationship between the urban and rural income disparity and economic growth empirically.
The relationship of urban-rural income gap and economic growth is very complex. Many factors are interrelated and interacted on each other. To explain the economic system that can express the interaction relationship between economic variables effectively, we adopt a simultaneous equation model to investigate the urban-rural income gap impact economic growth through material capital and human capital investment influence. The basic econometric equations are as follows:
The simultaneous equations model of this paper includes four basic equations. The equation (1) is the growth equation. The equation (2) is investment equation. The equation (3) is the human capital investment equation and the equation (4) is urban-rural income disparity equation. We regard the variable of economic growth, material capital investment, human capital investment and the urban-rural income gap are as endogenous variables, build a complete formula simultaneous equation model to verify the income gap between urban and rural areas through the material capital investment, human capital investment mechanism of the impact of economic growth. In the model, the subscript i represents the each province(i = 1, 2, …, 30), the subscript t is each year (t = 1995, 1996, …, 2012) , and εGit, εIit, εEit, εNit are the stochastic disturbance, subject to independent identically distributed.
The economic growth equation (1) studies the relationship among material capital investment, human capital investment and economic growth, we use the provincial real GDP per capita regards as economic growth(gdp), the proportion of the investment in GDP regards as material capital investment(inv), average education years as human capital investment (edu). In addition, there remain many other factors that affect economic growth, and also need to be controlled some possible influencing factors. Set X as control variables, firstly, we set the ratio of government expenditure to GDP (gov) and inflation rate (cpi) as control variables that is based on economic growth literature (Barro,2000; Clarke,1995) . Considering the basic characteristics of China's economic growth, we further control the total of dependency ratio which is the sum of child dependency ratio and old-age dependency ratio as demographic dividend (popde), the ratio of the second industry output to the tertiary industry output as upgrading of industrial structure (indop), the degree of structure deviation as industrial structure rationalization (indra), dual contrast coefficient as the dual economic structure (stru),the ratio of non-state-owned economy of fixed assets investment to fixed assets investment as the degree of denationalization (private), the ratio of non-agricultural population to the total population as urbanization(urban), the ratio of imports and exports to GDP as economic openness (open) (Liu , Chen and zhang, 2005; Chunhui Gan, Ruogu Zheng, Dianfan Yu, 2011) . In particular, China which is the world's largest developing country has a typical dual economic structure characteristic. On the one hand, there is an urban industrial department that has modern industry, on the other hand, it's also exists in traditional agricultural department is characterized by manual labor, Lewis, a. (1954) . Fei and Lanis (1957) believe that the basic path of economic growth is to promote the dual economic structure transformation, and Chenery H, Syrquin(1988)also confirmed their conclusion that the dual economic structure transformation has significant growth effect through the empirical research. Therefore, we choose the factor of dual structure of the transformation as control variables in addition to considering the industrial structure.
The material capital investment in China plays an important role in the economic growth, in the material capital investment equation (2), we study the relationship between the material capital investment and urban-rural income gap, where ine is urban-rural income gap that we use the ratio of urban-rural income, and Y are control variables. Where gov, cpi and ser are government expenditure, inflation rate and the general public services expenditure, respectively. Furthermore, we control the four structural variables, including the upgrading of industrial structure (indop), urbanization (urban), denationalization (private)and economic opening(open). Human capital investment is also our focus, in the human capital investment equation (3), we study the influence of the urbanrural income disparity (ine) to increase human capital investment (edu), where Z are control variables, we respectively control three variables, including the proportion of education spending in the fiscal expenditure (eduex), dual economic structure (stru) and urbanization (urban).
The urban-rural income gap equation (4) focuses on the urban-rural income disparity ine effect on the economic growth, and C are control variables. According to the basic theory of development economics and the basic characteristics of China's economic development, most research suggests that the traditional dual economic structure is an important factor to decide the income gap between urban and rural areas in China, so we introduce the dual contrast coefficient of urban-rural income disparity equation, in addition, we also control the four variables, including the proportion of social security expenditure in the fiscal expenditure(ins), urbanization (urban) The specific calculation formula is:
Where TL is the degree of structure deviation, Y is output, L is employment, i is industry, Y/L is productivity, and Yi/Y is the output structure of the i industry.n is the number of industrial department, and n = 3 3 . When the TL is 0, the three industrial production rate is the same, and the industrial structure is in a state of equilibrium.The greater TL, the more deviation from equilibrium, and the industrial structure is unreasonable.
stru
dual economic structure
The specific calculation formula is: 
Empirical tests

Data Description
The main reasons that we choose 1995 -2012 as the sample interval in this paper are: (1) It is more than 30 years since reforming and opening-up in China, but only since the 1990s, the income gap between urban and rural areas has showed a trend of rapidly expanding. (2) As an important variable in this paper, the average education years data is reported in "Chinese Population Yearbook" since 1987. But in 1989 But in , 1991 But in and 1992 , the data is missing. And in 1987 and 1988 , there is no data of illiterate population. Also, in 1994, there is no data of the population under the age of 15. Therefore, considering the availability of the data and the consistency of the statistics, this paper chooses 1995-2012 as the sample interval. In addition, because of the low data quality in Tibet, this paper is based on the panel data of the 30 provinces and autonomous regions of the mainland of China except Tibet province.
The data used in this paper are from "Chinese Statistical Yearbook", "Compilation of 60 Years of New Chinese statistics", "China's GDP accounting historical data ", "China's GDP accounting historical data " and "Chinese Population Yearbook". Because of the historical data of GDP in most areas revising from 1993, we adopt the related data from 1995 to 2004 from "China's GDP accounting historical data ", and the data in other years from "Chinese Statistical Yearbook".
Basic statistical information of the main variables is as shown in Tab. II.
The estimation method and endogenous discussion
We can know that the simultaneous equation model constructed in this paper is over identified according to the the order conditions and the rank conditions. The traditional estimation method for this kind of simultaneous equation model is two stage least square (2SLS) and the three stage least square (3SLS). 3SLS is the optimal GMM estimator when the perturbation term satisfies the same variance. And 2SLS is equivalent to 3SLS only in some special cases. 3SLS is better than 2SLS. Therefore, this paper chooses 3SLS to estimate the simultaneous equation model. This paper constructs a simultaneous equation model, which includes 4 basic equations. The system has 4 endogenous variables ( economic growth (gdp), material capital investment (inv), human capital investment (edu) and urban-rural income disparity (ine) ) and 12 exogenous variables ( government expenditure (gov), inflation rate(cpi), demographic dividend (popde), upgrading of industrial structure (indop), industrial structure rationalization(indra), dual economic structure (stru), denationalization(private), urbanization(urban), economic opening(open), the general public services expenditure(ser), education spending(eduex) and social security expenditure (ins) ). Growth equation (1) uses material capital investment (inv), human capital investment edu and other variables to explain the economic growth(gdp), not using 3 exogenous variables ( the general public services expenditure (ser), education spending(eduex), and social security expenditure (ins), which means 3 instrument variables can be used. Investment equation (2) Note: *, **, *** means regression coefficient is significant at 10 %, 5 % and 1 % significance level. The number within the brackets is the standard error.
From Tab. III, we can find the existence of the mechanism that the income gap between urban and rural areas has an impact on economic growth through the material capital investment and human capital investment in China's economic development. Investment equation shows that, at 1 % significance level, the widen income gap between urban and rural areas will have a positive impact on investment, which may be mainly due to the encouragement for the rich people to accumulate capital. Human capital investment equation shows that, at 1 % significance level, the widen income gap between urban and rural areas will have an obvious negative effect on human capital investment. China is at the stage of development in which the cost of education per capita is higher than income. Therefore, when the income gap widen, its limit to the low-income people access to education is bigger than its promotion to the high-income families. Then there will be more and more low-income families facing time and financial constraints. And the average education years of the whole society decline. Further, from the view of growth equation, measurement results show that at 1 %significance level, the increase of material capital investment can significantly promote economic growth and at 10 % significance level, the increase of human capital investment can promote economic growth. According to human capital investment and economic growth equation regression coefficients, Note: *, **, *** means regression coefficient is significant at 10 %, 5 % and 1 % significance level. The number within the brackets is the standard error.
we can calculate that when the income gap between urban and rural areas widen a unit, economic growth will decline 4623.76 units. In addition, our empirical study also finds other factors that affect economic growth, such as material capital investment, human capital investments and the income gap between urban and rural areas and so on. (1) From growth equation, there is a strong negative relationship between government expenditure and economic growth, which is consistent with the opinion of Barro (2000) , Clarke (1995), Ming Lu, Chen Zhao and Guanghua Wan (2005) . Inflation rate has a significant negative effect on economic growth, which is the same with the discovery of Barro (2000), Ming Lu, Chen Zhao and Guanghua Wan (2005) . Demographic dividend and industrial structure rationalization are bad to economic growth, while upgrading of industrial structure, dual economic structure, denationalization, urbanization and economic opening are good to economic growth. These results are consistent with most studies. (2) From investment equation, government expenditure has a significant positive impact on investment. Ming Lu, Chen Zhao and Guanghua Wan (2005) argue that China's local governments have significantly promoted the investment. Inflation rate, denationalization and urbanization play a role in promoting investment, while the general public services expenditure, upgrading of industrial structure and economic opening play a negative role, which is consistent with mostly researches. Note: *, **, *** means regression coefficient is significant at 10 %, 5 % and 1 % significance level. The number within the brackets is the standard error.
investment equation, the increase of education spending does not promote human capital investment, which seems counterintuitive, but can be explained from the low utilization efficiency of China's public spending. Dual economic structure and urbanization are good to human capital investment. (4) In the urban and rural income gap equation, economic growth and optimize the dual economic structure can narrow the income gap between urban and rural areas, while urbanization and economic opening can widen the gap. Further, we introduce endogenous lagged explaining variables, and use a linear combination of all exogenous and the lag of 2 order of endogenous variable as instrumental variables. Because of the annual data, we tend to choose lag of 2 or 3 order. Using the method of three-stage least square, we found that the results with lag of 2 and 3 order are not very different.
It can be seen from Tab. IV that the role of all explainable variables are not changed obviously after the addition of the lag order of endogenous variable, which shows that the mechanism that the income gap between urban and rural areas has an impact on economic growth through human capital investment does exist in China's economic development. Comparing the results from Tab. III and Tab. IV we found that the significance of the model and the regression coefficient are improved.
In order to test the robustness of regression results, we use urban-rural income ratio adjusted by the population of urban and rural areas as a measure of the income gap between urban and rural areas. The specific calculation formula is:
popine represents urban-rural income ratio adjusted by the population of urban and rural areas, i = 1,2 respectively represents urban and rural areas, zit represents the population of urban and rural areas in the period of t, zt represents the total population in the period of t , pit represents the income of urban and rural areas in the period of t, pt represents the total income in the period of t. We use the linear combination of all the exogenous variables as instrumental variable, and use the method of three stage least square. From the results of Tab. VI, we find that the conclusions are consistent with those of Tab. IV, Tab. III, which further verify the existence of the mechanism that the income gap between urban and rural areas has an impact on economic growth through human capital investment in China's economic development. Moreover, after taking the population of urban and rural areas into account, denationalization and urbanization have a positive effect on narrowing the income gap between urban and rural areas.
Then, we introduce endogenous lagged explaining variables, and use a linear combination of all exogenous and the lag of 2 order of endogenous variable as instrumental variables. The results of regression using the method of three stage least square are as follows: 
CONCLUSION
In this paper, based on Chinese provincial panel data from 1995 to 2012, a complete formula simultaneous equation model is built to test how the income gap between urban and rural areas has an impact on economic growth through the material capital investment and human capital investment. The results of the empirical tests using the method of three stage least squares (3SLS) show that the increase of material capital investment and human capital investment can significantly promote economic growth. The widen income gap between urban and rural areas will have a positive impact on the material capital investment, but a negative effect on the human capital investment. The mechanism that the income gap between urban and rural areas has an impact on economic growth through human capital investment does exist in China's economic development. The empirical analysis based on Chinese provincial panel data between 1995 and 2012 shows that there is a very significant negative correlation between the income gap and economic growth in China. And the efficiency and fairness are not in conflict. The widen income gap between urban and rural areas not only is bad for the people sharing the benefits of economic growth, but also inhibits economic growth through the human capital investment mechanism. The implementation of China's family planning policy makes the fertility rate level gradually declining, which means in the long term relying on the scale expansion of labor investment to promote economic growth will be constrained, and the human capital investment is the main factor driving the long-term economic growth. Along with the development of industrialization, urbanization, marketization and internationalization in China, the impact that human capital investment has on economic development is growing, while the restrict that the income gap between urban and rural areas has on human capital investment becomes increasingly evident. Therefore, in the long run, we should pay more attention to the equality of income distribution in the first and the second distribution, which will be beneficial to the transfer of human capital investment from the traditional agricultural sector to the modern industrial sector, and promote the long-term sustainable growth. Note: *, **, *** means regression coefficient is significant at 10 %, 5 % and 1 % significance level. The number within the brackets is the standard error.
